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ripe^jio>KeH mctoa HMMyHOMeneHHfl 6ejiKOB MHKpocnopHAHH Paranosema locustae Ha 
Kpnocpe3ax 3apa>KeHHoro >KHpoBoro Tena nepeneTHOH capaHHH. B OTJiHHHe ot HMMyHOMe- 
ueHHH OT^ejiBHBix KJieTOK napa3HTa h HCKyccTBeHHO 3apa^<eHHBix KyjiBTyp KJieTOK xo3ah- 
Ha, 3tot mctoa no3BOJi>ieT loynaTB MOJieKyjiapHBie MexaHH3MBi napa3HTO-xo3flHHHBix ot- 
HOineHHH H, B HaCTHOCTH, CeKpeTOpHBie OeJIKH MHKpOCIIOpH^HH He TOJIBKO Ha KJieTOHHOM, 
HO H Ha TKaHeBOM ypOBHe. HMMyHOJIOKaJIH3aUHfl 3nP-CneUH(l)HHH0H H HHTOnJia3MaTHHe- 
ckoh (j)opM MOJieKyji^pHBix manepoHOB ceMencTBa Hsp70 Ha Kpnocpe3ax noKa3ana HaKon- 
JieHHe 3THX GeJIKOB B COOTBeTCTByiOmHX KOMnapTMeHTaX BHyTpHKJieTOHHBIX CTa^HH pa3- 
BHTHfl P. locustcie H HX OTCyTCTBHe B CTpyKTypaX X03flHHa. 3t0 n03B0JI^eT HCn0JIB30BaTB 
hx rjix OTarHocTHKH onaroB MHKpocnopH^H03a b 3apa^<eHHBix TKamix, a TaioKe ajw kojio- 
KajiH3aqHH c ceKpeTopHBiMH OejiKaMH P. locus tae b KanecTBe MapKepa KJieTKH napa3HTa. 
Bo BpeMfl cnoporoHHH b 3apa^ceHHOH KJieTKe xo3«HHa UHTonjia3MaTHHecKa« (j)opMa rnane- 
pOHa HaCTHHHO yXOAHT H3 nOBpe^eHHBIX CnopaMH CTaAHH BHyTpHKJieTOHHOrO p33BHTHfl. 
B CBA3H C 3THM H3yHeHHe MOJieKyJIflpHBIX MeX3HH3MOB napa3HT0-X03HHHHBIX B33HMOOTHO- 
uieHHH aenecoo6pa3Ho npoBOAHTB Ha 6ojiee paHHHX 3Tanax HH^eKqHH a o 3Tana 3kthbhoh 
cnoporoHHH. 

Kmoueebie cnoea: MHKpocnopHAHH, >KH3HeHHBiH uhkji, Hsp70, aHTHTena. 


MHKpocnopHAHH — rpynna OAHOKJieTOHHbix ayicapHOT, BHyTpHKJieTOHHbix 
napa3HTOB >KHBOTHbIX. B )KH3HeHHOM IJHKJie MHKpOCnOpHAHH npOHCXOAHT ne- 
peAOBaHwe ctbahh BHyTpHKJieTOHHOrO pa3BHTHn h paccejiHTejibHOH ctbahh 
cnopbi (Hcch, 1986)* HccjieAOBaHHn b o6jiacTH MOJieKyjmpHOH 6 hojiofhh MHK¬ 
pocnopHAHH BblflBHJlH npHHIJHnHaJIbHOe OTJiHHHe (J)H3HOJIOrHH 3THX napa3HTOB 
Ha pa3Hbix aTanax >KH3HeHHoro ijHKJia (/IpjirHx h ap , 2011). TaK, OKa3ajiocb, 
hto cnopa He nBJineTcn noKonmeiicn CTaAHeii b KJiaccHnecKOM noHHMaHHH, b 
H eir HOKa3aHO HaKonjieHHe h aKTHBHOCTb (|)epMeHTOB rjiHKOJiH3a h peAyuApo- 
BaHHOH 3 JieKTpoH-TpaHcnopTHOH u,enH (Dolgikh et ah, 2009; Dolgikh et ah. 
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2011), Toraa KaK CTa^HH BHyTpHKJieTOHHOro pa3BHTra (MepOHTbi h cnopOHTbi) 
npe^ejibHO ynpocTHJiH cboh MeTaGoJiHnecKHH annapaT, npjiMO OKcnjiyaTHpyji 
3HepreTHHecKHe pecypcbi KJieTKH xo3HHHa c noMombio cneu,HajiH3HpOBaHHbix 
ATO/A^O nepeHOCHHKOB njiacTHAHO-GaKTepnajibHoro rana (Tsaousis etal., 
2008). O^HOBpeMeHHO CTa,ZJHH BHyTpHKJieTOHHOro pa3BHTM HCnOJlb3yK)T u,e- 
jibifi Ha6op ceKpeTOpHbix 6ejiKOB (ceicpeTOM), bo3mo>kho npHHHMaiomHH ynac- 
™e b peryji^uHH napa3HTO-xo3flHHHOH CHCTeMbi (^ojithx h ,zjp., 2010; Cuomo 
et al., 2012). Hajiunue no,zto6Hbix MexamnMOB peryjumHH onucaHO jxjm BHyT- 
pHKJieTOHHbix napa3HTOB H3 rpynn Apicomplexa h Kinetoplastida (Nandan 
etal., 2002; Carmen, Sinai, 2007; Gilbert etal., 2007; Ravindran, Boothroyd, 
2008; Schmuckli-Maurer et al., 2009). 

Hccjie^OBaHne h ^narHOCTHKa MHKpocnopH,zmo30B cnjibHO 3aTpyu,HeHbi 
npoGjieMon BH3yajiH3aunn napa3HTOB Ha paHHen CTa^HH muJieKUHH. B to 
BpeMfl KaK cnopa, mvieiomafl TOJiCTyio CBeTonpejiOMJHnomyio oGoJiouKy h xa- 
paKTepHyio (J)opMy, OTHOCHTenbHO JierKO BH3yajiH3HpyeTca c noMomtio CBeTO- 
boh MHKpocKonHH, ,zjocnopOBbie CTa^HH Tpe6yK)T npHMeHeHra cneuHajibHbix 
MeTOAOB OKpaCKH. nepeneKTHBHbIM nO^XO^OM MO>KeT CTaTb MeTO JX HMMyHOJlO- 
KaJlH3aUHH C nOMOIltblO CneU,H(J)HHHbIX aHTHTeJl K GeJIKaM BHyTpHKJieTOHHbIX 
CTa^HH ^CH3HeHHOrO UHKJia MHKpOCnOpH^HH. B UeJlOM TaKHe aHTHTeJia M05KHO 
6y,IjeT HCnOJlb30BaTb RJin HMMyHOUHarHOCTHKH MHKp0Cn0pHAH030B, a aHTHTe¬ 
Jia k BHyTpeHHHM SejiKaM KaK MapKepbi Toro hjih hhoto KOMnapTMeHTa KJieTKH 
napa3HTa h KaK KOHTpojib uejiocTHOCTH othx KOMnapTMeHTOB npH pa6oTe c 3a- 
pa^CeHHblMH TKaHJIMH X03»HHa. 

B KauecTBe TaKHx BHyTpeHHHx GejiKOB ujhi royneHHfl MOJieKyjiapHbix Mexa- 

HH3MOB B 3 aHMO,IteHCTBH^ BHyTpH napa 3 HT 0 -X 03 JIHHH 0 H CHCTeMbi P. loCllStCie - 

Locusta migratoria L. mm npe,ztJiO)KHJiH Hcnojib30BaTb MOJieKyjiapHbie manepo- 
hh ceMeftcTBa Hsp70 3 toto napa3HTa. 3 th 6ejiKH HMeiOT bbicokhh ypOBeHb ok- 
CnpeCCHH Ha Bcex CTaUHflX )KH3HeHHOrO UHKJia, flBJHHOTCfl paCTBOpHMbIMH, a hx 
OT^ ejibHbie (J)opMbi, no HamHM npeuBapHTeJibHbiM uaHHbiM, cneuHc|)HHHO Ha- 
KanJIHBaiOTCH B pa3JIHHHbIX KOMnapTMeHTaX OyKapHOTHHeCKOH KJieTKH, b tom 
HHCJ ie KJieTKH MHKpOCnOpHUHH (UHTOnJia3Ma, MHTOXOHApHH H UHCTepHbl 3H- 
f aonjia3MaTHHecKoro peTHKyjiiOMa (3F1P)) (J \ojithx h up., 2012). 

AHajiH3 reHOMa P. locustae no3BOJiHJi BbniBHTb 4 reHa, Kounpyioiune 6ejiKH 
ceMeiiCTBa Hsp70, roMOJioniHHbie reHaM upyrnx bhuob MHKpocnopHUHH Nose - 
ma ceranae h Encephalitozoon cunicnli. BHyTpHKJieTOHHaa jiOKajiraaumi othx 
manepOHOB npeusapHTejibHO 6biJia npeucKa3aHa Ha ocHOBe KOMnbiOTepHoro 
aHajiH3a aMHHOKHCJiOTHbix nocjie^OBaTejibHOCTen. MHTOxoHupHajibHaa cjiopMa 
Hsp70 (b cjiynae MHKpocnopuzuiH npaBHJibHee roBOpHTb o MHTOCOMajibHOH 
(J)opMe, nocKOJibKy y othx napa3HTOB coxpaHHJincb Jimiib pyuHMeHTapHbie mh- 

TOXOH^pHH - MHTOCOMbl) HeceT COOTBeTCTByiOmyK) CHTHaJlbHyiO aMHHOKHC- 

jiOTHyio nocjie^OBaTejibHOCTb h jiOKajiroyeTca b MaTpmcce mhtocom (Williams 
etal., 2002; Tsaousis etal., 2008; Dolgikh etal., 2011). Jlflx 3nP-cneuH- 
(J)huhoh (J)opMbi Hsp70 noKa3aHO HaJiHHHe N-KOHuesoro cnrHajibHoro nenTH- 
ua, OTBeTCTBeHHoro 3a TpaHcnopT h TpaHCJiOKaumo GejiKa BHyTpb 311P. 3 tot 
>K e CHTHajibHbiH nenTuzj Heo6xounM u jia cjieuoBaHHfl 6ejiKOBbix MOJieKyji no 
ceKpeTOpHOMy ny™. TaKHM o6pa30M, Hamn npeucTaBJieHHfl o kohomhoh jiOKa- 
JlH3au,HH 3T0H (J)OpMbI Hsp70 B UHCTepHax 3F1P HBJI5HOTCJI npe^BapHTeJlbHblMH 
h Tpe6yioT ^onoJiHHTejibHoro HccJie,ztOBaHH^. Jipyme ^Be (JiopMbi othx mane- 
pOHOB He HMeiOT npe,ztCKa3aHHbix cnrHajibHbix nocjie,ztOBaTejibHOCTeH, uto mo- 
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>KeT CBH^eTeJlbCTBOBaTb 06 HX U,HTOHJia3MaTHHeCKOH J10KaJlH3aU,HH. OTCyTCT- 
Bue y Bcex neTbipex (J)opM rH^po(J)o6Hbix TpaHCMeM6paHHbix ^omchob noa- 
TBep)K^aeT, hto npe^CTaBHTejm ceMeficTBa Hsp70 abjuuotcji pacTBOpHMbiMH 
SejiKaMH. 

YKa3aHHbie Bbime MHTOCOMajibHaji, SnP-cneujKjjHHHaji h o,ztfia H3 uhto- 
njia3MaTHHecKHx (J)opM Hsp70 6 bijih Hcnojib30BaHbi b KanecTBe MapKepOB ^,jih 
KOHTpOJIfl 3a UeJIOCTHOCTbK) COOTBeTCTByK)lHHX KJieTOHHblX KOMIiapTMeHTOB 
napa3HTa npH pa 6 oTe c 3apa^ceHHbiM >khpobmm TenoM capaHHH (/IpjirHx h £p., 
2012). BbiJio noKa3aHO, hto nepBbie ^Be (J)opMbi npn matkoh roMoreHH3au,HH h 
u,eHTpH(J)yrHpOBaHHH mipOBoro Tejia nojiHOCTbio oeraiOTCji b oca^Kax, hto ro- 
BOpHT 06 HX TeCHOH CBA3H C COOTBeTCTByiOlUHMH MeiVl 6 paHHbIMH KOMnapTMCH- 
TaMH. B to >Ke BpeM^ npH o 6 pa 6 oTKe TKaHeft yjibTpa3ByKOM hjih 3aMOpa>KHBa- 
HHeM—OTTaHBaHHeM HeKOTOpoe KOJiHnecTBO 3thx 6 ejiKOB nona^aeT b cynep- 
HaTaHT, HTO COOTBeTCTByeT HaCTHHHOMy pa3pymeHHK) MHTOCOM H UHCTepH 
3np h BbiCBoGo^eHHK) OTTyzta othx GejiKOB. U,HTonjia 3 MaTHHecKa^ (J)opMa 
Hsp70 nona^aeT b 3HanHTejibHbix KOJiHnecTBax b pacTBOpHMyio (jjpaKUHio 
a^ce npH matkoh roMoreHH3au,HH h nocjie^yiomeM ueHTpH(J)yrHpOBaHHH. Ilo 
HaiiiHM npe^BapHTejibHbiM ^aHHbiM, 3tot GejiOK BbiCBo 6 o>K,a;aeTCfl b (J)H3hojio- 
THHecKHH pacTBOp y>Ke Ha CTa^HH npenapHpOBaHra jionacTeft 3apa)KeHHoro 
^cHpOBoro Tejia ^a^ce 6e3 hx roMoremmuHH. Bo3mo>kho, 3to CB^naHO c Hapy- 
rneHHeM njia3MaTHnecKOH MeM 6 paHbi HeKOTOpOH nacTH MepOHTOB h cnopOHTOB 
napa3HTa npH npenapOBKe h roMoreHH3au;HH TKaHeft xo3*iHHa h mo)kct cjiy- 
>KHTb MapKepOM UeJIOCTHOCTH 3THX KJieTOK. C £pyrOH CTOpOHbl, 3T0 flBJieHHe 
MO^ceT 6 biTb oSbachcho ecTecTBeHHbiM pa3pyuieHHeM uHTonjia3MaTHHecKoro 
KOMnapTMeHTa MepOHTOB h cnopOHTOB b npouecce cnoporoHHH c nocjie^yio- 
lu,hm BbicBoOo^eHHeM ero co^ep^cHMoro b uHTonjia3My rHnepTpo(J)HpOBaH- 
HOH KJieTKH )KHpOBOrO TCJia X03HHHa. 

J\jik HMMyHOJiOKajiH3auHH MOJieKyjmpHbix manepOHOB ceMeftcTBa Hsp70 
MHKpocnopH^HH P. locustae HaMH npe,ajio)KeH mqtojx H3roTOBJieHHfl Kpno- 
cpe30B 3apaKeHHoro ^CHpoBoro Tejia nepejieTHOH capaHHH. 3to ho3bojiht my- 
HaTb MOJieKyjlHpHbie OCHOBbI MHKpOCnOpH,ZJH03a O^HOBpeMeHHO Ha KJieTOH- 
HOM H TKaHeBOM ypOBHJIX, HTO HCB03M05KH0 B CJiyHae KJiaCCHHeCKOTO HMMy- 
HO(|)JHOOpecueHTHoro aHajiH3a BHyTpHKJieTOHHbix napa3HTOB b KyjibTypax 
KJieTOK HaceKOMbix h MJieKonHTaiomHx (Xu et al., 2006; Goldberg et al., 2008; 
Williams et al., 2008). B HacToameM Hccjie^OBaHHH mbi npoBO,zjHJiH HMMy- 
HOMeHeHHe H,HTOHJia3MaTHHeCKOH H 3nP-CneUH(J)HHH0H (J)OpMbI paccMaTpH- 
BaeMbix manepOHOB, TaK KaK MHTOCOMajibHaa <j)opMa y>Ke b ^ocTaTOHHoii 
CTeneHH H3yneHa (Dolgikh etal., 2011). HH<|)opMau;Hfl o JiOKajiH3auHH 3thx 
(J)opM Hsp70 b KOMnapTMeHTax KJieTKH napa3HTa hjih 3a ee npe^ejiaMH noMO- 
tkqt npOBepHTb h ^onojiHHTb nojiyneHHbie paHee ^aHHbie, a TaK^ce OKa)KeTca 
He3aMeHHMOH npH HCCJie^OBaHHH CeKpeTOMa MHKpOCnOpH^HH MeTO^OM KOJIO- 
KajiH3au.HH c othmh SejiKaMH. Ha TKaHeBOM ypOBHe HMMyHOMeneHHe KJieTOK 
napa3HTa cTaHeT yzjoGHbiM HHCTpyMeHTOM H3yneHHfl naToreHe3a MHKpocno- 
pH^H03a H, B HaCTHOCTH, n03BOJ!HT RSTh o6l>flCHeHHe HBJieHHK) yCTOHHHBOTO 
3arpH3HeHHH npo6 >KHpoBoro Tejia xo3flHHa UHTonJia3MaTHHecKHM 6ejiKOM na- 
pa3HTa. 
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MATEPHAJI H METO^HKA 


KjiOHHpoeaHHe reHOB, reTepojiorHHHaa 3Kcnpeccra h OHHCTKa peKOM6n- 
HaHTHbix 3nP-cneu,H(J)HHHoii h uHTonjia3MaTHHecKoii (J)opM Hsp70 P. locustae , 
a TaioKe nojiyneHHe h OHHCTKa aHTHTeji k hhm 6mjih noApo6HO onncaHbi paHee 
(/lojirax h Ap., 2012). 

MaTepHan rjix HMMyHOMeneHHJi totobhjih cjieAyiomuM ciiocoGom: 3 apa- 
^ceHHoe P. locustae mipOBoe Teno nepejieTHOH capaHHH npenapHpOBajm h 
(J)HKCHpOBajiH 4%-hmm napa^opMajibAerHAOM Ha PBS (137 mM NaCl, 2.7 mM 
KC1, 10 mM Na 2 HP0 4 , 1.76 mM KH 2 P0 4 , pH 7.4). 3aTeM o 6 pa 3 u,bi TKaHH hh- 
KyGHpOBajiH b 50 mM niHUHHe Ha PBS, ocymecTBJuuiH KpHonpOTeKumo b 
30%-hoh caxap 03 e h 3aMOpa>KHBajiH b >khakom a30Te. KpHOCpe 3 bi tojhahhoh 
10 mkm H3roTOBJHiJiH Ha KpHOTOMe Microm HM 520 h noMemajiH Ha npeAMeT- 
Hbie CTeKJia. 

B AajibHeftmeM KpHOCpe 3 bi GjiOKHpOBajiH b 1%-hom pacTBOpe 6 binbero cbi- 
BOpOTOHHoro ajibGyMHHa Ha TTBC (1.5M NaCl, 0.5M TpHC-HCl pH 8.0, 
0.05 % Tween80), HHKyGnpOBajin c nepBbiMH aHTHTejiaMH HOHb npH TeMnepa- 
Type 4 °C, OTMbmajiH TTBC h HHKyGnpOBajiH c aHTHBHAOBbiMH (JmioopecueHT- 
HbiMH KOHBioraTaMH AF 488 h AF 546 (Life Technologies). nepBbie h BTOpbie 
aHTHTejia Hcnojib 30 BajiH b pa 3 BeACHHH 1:50. J\jih BH 3 yajiH 3 au;HH AAep cpe 3 bi 
AOnOJIHHTeJlbHO OKpaiHHBaJlH JX AOH (4’, 6 -AHaMHAHHO- 2 -(|)eHHJlHHAOJl). 
ToTOBbie npenapara npocMaTpHBajiH Ha (JjjnoopecueHTHOM MHKpocKone Carl 
Zeiss Axiolmager Ml. 


PE3YJIbTATbI H OECY3KAEHHE 

HMMyHOMeneHHe Kpnocpe30B 3apa3KeHHoro mipOBoro Tena aHTHTejiaMH k 
UHTOHJ ia3MaTHHeCKOH H 3nP-CHeUH(J)HHH0H (J)OpMaM Hsp70 n03B0J!HJ10 BH3ya- 
JlH3HpOBaTb CTaAHH BHyTpHKJieTOHHOTO pa3BHTHH MHKpOCnOpHAHH (MepOHTbl 
h cnopOHTbi), ho He cnopbi h cnopo6jiacTbi, TaK KaK nocjieAHHe, no-BHAHMOMy, 
oGjiaAaiOT HenpOHHuaeMOH Rim HMMyHorjio6yjiHHOB oGojiohkoh. OKparnn- 
BaHne HMeeT cneuHc|)HHHbiH xapaKTep: (jiJiioopecueHUHfl Ha6jnoAaeTca TOJibKO 
b KJieTKax napa3HTa h He 3aTparHBaeT TKaHeBbix h KJieTOHHbix CTpyKTyp xo- 
3HHHa. 

Ha nepBbix OTanax pa3BHTHn MHKpocnopHAH03a 3apa>KeHHbie KJieTKH BCTpe- 
naiOTCfl rpynnaMH no BceMy opraHy, (J)opMHpyH pa3p03HeHHbie onarn c napa- 
3HTaMH, HaXOA^IAHMHCH Ha pa3HbIX CTaAHHX 5KH3HeHHOTO UHKJia (CM. pHCyHOK, 
a — e). B A^JibHeftmeM OTAejibHbie onarn cjiHBaiOTCJi, He3apa>KeHHbie KJieTKH 
^cHpoBoro Tejia Hcne3aiOT, h hhcJickuhh CTaHOBHTca reHepajiH30BaHHOH. 

Ha cpe 3 ax )KHpoBoro Tejia BHyTpHKJieTOHHbie CTaAHH )KH3HeHHoro UHKJia 
P. locustae BCTpenaiOTca TOJibKO BHyTpn KJieTOK capaHHH, b hx uHTonjia3Me, 
o6hhho uejiHKOM ee 3anoJiH*Hi. OcTaeTcn cbo6oahoh ot MHKpocnopHAHH TOJib- 
ko o6jiacTb aApa. KoJinnecTBo KJieTOK napa3HTa BapbHpyeT b uihpokhx npeAe- 
Jiax H 3BBHCHT, no BCeH BHAHMOCTH, TOJibKO OT pa3Mepa 3apa^CeHHOH KJieTKH 
xo3HHHa. Ha 3aBepmaiomeM 3Tane cnoporoHHH Me^cAy 3pejibiMH h co3peBaio- 
iuhmh cnopaMH, HenpOHHuaeMbiMH AJifl HMMyHorjio6yjiHHOB, BCTpenaiOTCH 
OAHHOHHbie HenpaBHJibHOH (|)opMbi KJieTKH P. locustae , HMeiomne cneuH(J)HHe- 
CKyio (J)jiioopecueHTHyio OKpacKy (cm. pncyHOK, ji —o). Bo3mo>kho, oto ocTaT- 


66 



HMMyHOJioKajiH3aijHJi MOJieKyjiapHbix uianepoHoe ceMeficTBa Hsp70 MHKpocnopn/jnn P. locustae 
Ha Kpnocpe3ax 3apaxceHHoro xcnpoBoro Tejia nepeneTHOH capamiH. 

a —£ — OT^enbHbie ouaru MHKpocnopH^H03a xopouio BH3yanH3HpyioTCH aHTHTenaMH k Hsp70, b peHTpe Hesa- 
pa^KeHHbie nonacTH ampoBoro Tejia; d —k — CTa^aa BHyTpHKJieTOUHoro pa3BHTHfl hmciot xapaKTepHtie KapTH- 
Hbi OKpaiuHBaHHH aHTHTeiiaMH k A»yM 4>opMaM MoneKyuflpHbix uianepoHOB; ji— o — oct3tkh CTa^HH BHyTpa- 
KJieTOHHoro pa3BHTHfl Ha no3^HeM cnoporoHaubHOM 3Tane hii(})ckii,hh. IfHTonjia3Ma CTa/mfi oKpaiuHBaercs aH- 
THTenaMH k H,HTOHna3MaTHHecKOH (j)opMe Hsp70 HepaBHOMepHO, rpaHHii,bi KJieTOK HepoBHbie. a , d, u, ji — 
3I1P — cneu,H(j)HUHafl (J)opMa Hsp70; 6 , e,K,M — pHToniia3MaTHuecKafl (j)opMa Hsp70; cue, h — oKpaiuHBaHHe 
/fA^H (a/ipa kjictok xo3aHHa h /pmiioKapHOHbi napa3HTOB); 2 , 3, o — CBeTJioe none. MaciHTa6Hbie hmhchkh: 
a - 2 - 100 MKM, d - K -4 MKM, JI - O -- 10 MKM. 

Immimolocalization of; microsporidium P. locustae Hsp70 family chaperones on cryosections of lo¬ 
cust infected fat body. 

a—2 — separate microsporidiosis lesions visualized by antibodies to Hsp70; in the middle: uninfected lobes of 
fat body; d —k — intracellular stages of development have characteristic staining patterns with antibodies to two 
forms of molecular chaperones; ji —o — remnants of stages of intracellular development at late sporogonal stage 
of infection. Cytoplasm of cells is unevenly stained with antibodies to cytoplasmic form of Hsp70; cell borders 
are jagged, a , d, u,ji — EPR— specific form of Hsp70; d, e , k,m — cytoplasmic form of Hsp70; jkc, h — DAPI 
staining (host cells nuclei and diplocarions of parasites); 2 , 3, o — bright field microscopy. Scale bar: a —2 — 

100 pm, d —k — 4 pm., ji— o — 10 pm. 
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kh 6ojiee paHHHx CTaunn mnHeHHoro uHKJia, 3aAep^caBiiiHxcH b cbocm pa3BH- 
THH H B 3HaHHTeJlbHOH CTeneHH nOBpe^eHHblX (J)OpMHpyK)LUiHMHC^ BOKpyr 
HHX CnOpaMH. 

06e 4>opMbi Hsp70 ouwoBpeMeHHO npncyTCTByiOT b 3HanHTejibHbix KOJinne- 
CTBaX BO Bcex BHyTpHKJieTOHHbix CTa^HHX 5KH3HeHHOTO UHKJia (CM. pHCyHOK, 
6 —k). OuwaKO pacnpeuejieHHe othx GejiKOB b KJieTKe napa3HTa pa3JiHHHO. Hm- 
MyHOMeneHHe aHTHTejiaMH k 3riP-cneuH<])HHH0H (J)opMe co3uaeT uncKpeTHyio 
KapTHHy OKpamHBaHH^, BbiHBJDiH oGuiHpHyio ceTenouo6Hyio cTpyKTypy b uh- 
Tonjia3Me napa3HTa. CKOpee Bcero, 3Ta CTpyKTypa ueftcTBHTejibHO cootbctct- 
ByeT 3F1P KJieTKH napa3HTa, a bo3mo>kho h annapaTy Tojibu^KH, BMecTe c koto- 
pbiM npeucTaBJiaeT eunHbin KOMnjieKC y MHKpocnopuzuiH (Beznoussenko et al., 
2007). JloKajiH3aura 3nP-cneuH(J)HHH0H (J)opMbi b TaKOM BHyTpeHHeM mcm 6- 
paHHOM KOMnapTMeHTe corjiacyeTcn c nojiyneHHbiMH paHee uaHHbiMH o HaKon- 
jieHHH 3Toro GejiKa bo (jipaKunn BHyTpeHHHx MeM6paH roMoreHaTa 3apa>KeHHO- 
ro Tejia (^ojirax h up., 2012). OrcyTCTBHe paccMaTpHBaeMoro manepOHa BHe 
KJieTOK napa3HTa Ha Kpnocpe3ax h b pacTBOpHMOH (J)paKUHH roMoreHaTa rnipo- 
Boro Tejia CBHueTejibCTByeT o HeceKpeTHpyeMOH npnpoue nocjieuHero. CKOpee 
Bcero, ero ochobhoh (jjyHKuneH flBJifleTCfl TpaHCJiOKauHH h yKJiauKa ((|)OJiuHHr) 
SejiKOBbix MOJieKyji, nocTynaioiunx b oneHb cneuHajiH3HpOBaHHyio BHyTpH- 
KJieTOHHyiO TpaHCnOpTHyK) CHCTeMy MHKpOCnOpHUHH. 

AHTHTejia k uHTonjia3MaTHHecKOH (J)opMe manepOHa b GojibiiiHHCTBe cjiyna- 
eB paBHOMepHO OKpaiiiHBaiOT Bee BHyTpHKJieTOHHoe npocTpaHCTBO KJieTKH na- 
pa3HTa, 3a HCKjnoneHHeM oGjiac™ uunjiOKapHOHa, hto, no Been bhuhmocth, 
cooTBeTCTByeT uHTonjia3MaTHHecKOH jiOKajiH3auHH 3toto 6ejiKa. TaKoe HMMy- 
HOMeneHHe xopomo nounepKHBaeT OKpyrjiyio, jiHmeHHyio KaKHx-jin6o Bbipoc- 
tob (J)opMy KJieTOK BHyTpHKJieTOHHbix CTaunii pa3BHTHH P. locustae. B TO >Ke 
BpeMH b ynacTKax >KHpOBoro Tejia, 3anojiHeHHbix cnopaMH MHKpocnopuuHH, 
Ha6jnouaeTCH HeMHoro hhbji KapTHHa (cm. pncyHOK, ji — o). OunHOHHbie CTa- 
n hh BHyTpHKJieTOHHoro pa3BHTHfl, pacnojiaraioiunecfl b npocTpaHCTBax Me>Kuy 
cnopaMH, HMeiOT HepaBHOMepHyio OKpacKy uHTonjia3Mbi, He no3BOJunoiuyio 
neTKO onpeuejiHTb (jiopMy h rpaHHUbi KJieTKH. Bo3mo>kho, npOHCxouHT Mexa- 
HnnecKoe noBpe^ueHHe BHyTpHKJieTOHHbix CTaunn C03peBaioiuHMH cnopaMH, 
HMeioiuHMH TOJiCTyio pnrnuHyio oGojiOHKy, conpOBO^KuaeMoe HapymeHneM 
uejiocTHOCTH KJieTOHHOH MeM6paHbi h noTepeft nac™ GejiKa — uHTonjia3MaTH- 
necKOH (J)opMbi Hsp70. 3thm, Bepojrrao, h oGbacmieTCfl HBJieHHe KOHTaMHHa- 
unn othm GejiKOM pacTBOpHMOH <j)paKUHH npH pa3ueJieHHH KJieTOK napa3HTa H 
xo3flHHa (/],0JirHx h up., 2012). 

nojiyneHHbie c noMOiUbio HMMyHOMeneHHJi Kpnocpe30B pe3yJibTaTbi b ue- 
jiom xopomo BnncbiBaiOTCfl b coBpeMeHHbie npeucTaBJieHra o naToreHe3e mhk- 
pocnopnuno3a h MOJieKyjwpHOH 6hojiothh othx napa3HTOB, hto CBHueTejibCT- 
ByeT 06 aueKBaTHocTH npHMeHeHHJi uaHHoro MeTOua. CyiuecTBeHHbiM otjihhh- 
eM TaKoro nouxoua ot pacnpocTpaHeHHoro HMMyHOMeneHHfl OTueJibHbix 
KJieTOK napa3HTa hjih HCKyccTBeHHo 3apaaceHHbix KJieTOHHbix KyjibTyp ABJUieT- 

Cfl B03M0)KH0CTb H3yHeHHfl B3aHMOOTHOIIieHHH napa3HT-X03AHH H Ha TKaHe- 

bom ypOBHe. HanpHMep, HBJieHne nacTHHHoro pa3pymeHHfl BHyTpHKJieTOHHbix 
CTauHH >KH3HeHHoro UHKJia P . locustae h nonauaHne BHyTpeHHHx 6eJiKOB napa- 
3HTa b uHTonJia3My KJieTKH xo3flHHa npH no3UHeii cnoporoHHH ueJiaeT HeB03- 
mo^chmm H3yneHHe MOJieKyjwpHbix MexaHH3MOB peryjiauHH napa3HTO-xo3«HH- 
HOH CHCTeMbI B UeJIOM H CeKpeTOMa MHKpOCnOpHUHH B HaCTHOCTH Ha 3T0M 3Ta- 
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ne pa3BHTHfl HH(|)eKUHH. TaKHe HCCJiejJOBaHHfl HMeeT CMbICJl npOBOJJHTb TOJlbKO 
Ha 6oJiee paHHHx 3Tanax naToreHe3a MHKpocnopH^H03a. OTcyrcTBHe o6eHx 
(J)opM MOJieKyji^pHbix manepoHOB Ha cpe3ax 3apa^ceHHoro mipoBoro Tena ca- 
paHHH BHe KJieTKH napa3HTa h cneu;H(|)HHecKoe HaKonjieHHe 3 thx Gcjikob b ero 
KJieTOHHbIX KOMnapTMeHTaX n03B0JUIK)T HCn0Jlb30BaTb HX £JIJI K0J10KaJlH3aLi;HH 
c 6ejncaMH, HMeK)Lu,HMH ceKpeTopHyio npHpo^y h npe^noJio^cHTejibHo ynacT- 
ByiomHMH b napa3HTo-xo3HHHHoii peryjumHH b KanecTBe kohtpojiji. 
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IMMUNOLOCALIZATION OF MICROSPORIDIUM PARANOSEMA 
LOCUSTAE CANNING HSP70 FAMILY PROTEINS 
IN LOCUST INFECTED FAT BODY 
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SUMMARY 

Immunolabeling method of microsporidium Paranosema locustae proteins on cryosec- 
tions of locust infected fat body was proposed. In contrast to single parasite cells and artifi¬ 
cially infected host cell cultures, this method allows to study molecular mechanisms of 
host-parasite relationships and in particular the secretory microsporidial proteins either at 
cellular or tissue level. Immunolocalization of the EPR-specific and cytoplasmic forms of 
Hsp70 family of molecular chaperones on cryosections showed accumulation of these pro¬ 
teins in the respective compartments of intracellular developmental stages of P. locustae 
and their absence in host structures. This allows to use them in diagnostics of microspori- 
diosis lesions in infected tissues as well as in colocalization analysis with P. locustae sec¬ 
retory proteins as a marker of parasite. The cytoplasmic chaperone stains cytoplasmic 
compartment homogeneously, but in the infected host cell during sporogony it disappears 
partially from the intracellular stages of development which damaged by maturing spores. 
Thereby study of molecular mechanisms of host-parasite relationships is to be carried out 
at the earlier stages of infection before active sporogony. 
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